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In all species where it has been tested, the tobacco-specific 
nitrosamine 4-(methylnitrosamino)-l-(3-pyridyl)-l-butanone 
TVK) has been shown to be a potent carcinogen, and NNK 
and other nitrosamines may play a role in human tobacco- 
related carcinogenesis. Purified rat CYP2BI has been shown 
to metabolize NNK, and the CYP2B1 gene is expressed 
constitutively in rat lung. The objectives of this study were 
to test the capacity of CYP2B1, synthesized from a rat hepatic 
cDNA in Ad293 cells, to metabolize NNK, and to define the 
type and the proportions of the final metabolites produced. 
Ad293 cells were transfected with a CYP2B1 expression vector 
(pMT2-2Bl), or with a control vector and incubated in culture 
medium containing [ 3 HjNNK, after which cx-carbon 
hydroxylaiion and pyridine V-oxidation metabolites were 
identified by HPLC analysis and quantitated by scintillation 
counting. pMT2-2B 1 -transfected cells were capable of catalyz¬ 
ing a-carbon hydroxylation and pyridine .V-oxidation of NNK, 
although the reduction product 4-(methylnitrosamino)-l- 
(3-pyridyl)-l-butan-l-ol(NNAL) was the major metabolite 
formed in cells regardless of transfection treatment. The total 
amount of a-carbon hydroxylation metabolites produced by 
pMT2-2B I-transfected cells was greater than that of pyridine 
V-oxidation metabolites. However, pMT2-2Bl transfected 
cells produced —ten-fold more pyridine V-oxidation 
metabolites and only two-fold more a-carbon hyd roxylation 
metabolites than control cells. Furthermore, Jthe amount of 
NNAL-V-oxide was much lower than that of NNK-V-oxide 
in the medium of pMT2-2Bl-transfected cells, even though 
the amount of available NNAL, resulting from carbonyl 
reduction of NNK, was very high; this suggests that NNAL 
is poorly V-oxidized by CYP2B1 compared to NNK. These 
results show that within living cells NNK was metabolized 
by CYP2B1 via both the pyridine V-oxidation and a-carbon 
hydroxylation pathways. However, CYP2B1 preferentially 
catalyzed pyridine V-oxidation, which is considered to be a 
deactivation reaction, f 


The incidence of lung cancer has steadily increased during recent 
years in the North American population (1), and numerous 
epidemiological studies have correlated lung cancer incidence and 
smoking (2). Among the nitrosamine carcinogens present in 
cigarene smoke, the most potent is 4-(methylnitrosamino)-1- 
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(3-pyridyl)-l-butanone (NNK*) (3,4). This observation and the 
high levels of NNK in smokeless tobacco (5) and cigarette smoke 
(6) have led Hecht and Hoffmann (7) to conclude that NNK plays 
an important role in the etiology of tobacco-related cancer. A 
major metabolic transformation of NNK is its conversion into 
4-(methylnitrosamino)-l-(3-pyridyl)-l-butan-l-oI (NNAL) by 
carbonyl reduction (Figure L) (8,9), However, the activation of 
NNK is caused by a-carbon hydroxylation, which leads to 
electrophilic and reactive intermediates that can methylate and 
pyridyloxobutylate DNA (10,11), that can induce single-strand 
breaks (11,12) and that are mutagenic (13). Another metabolic 
pathway, pyridine V-oxidation of NNK and NNAL, yields 
metabolites that can be more readily excreted via the urine and 
is considered a deactivation pathway (14,15). Recent results have 
indicated that purified rat hepatic CYP2B1 can catalyze both a- 
carbon hydroxylation and pyridine V-oxidation of NNK (16) and 
it has been shown that CYP2B1 is expressed constitutively in rat 
lung (17,18). Establishing which precise forms of P450 are 
involved in metabolizing NNK and other nitrosamines in the 
respiratory tissues and whether a given form contributes prefer¬ 
entially to the bioactivation or the deactivation of these 
nitrosamines, is an important issue. 

To define the capacity and specificity of CYP2B1 to metabolize 
NNK in whole cells under conditions where no effects of con¬ 
taminating rat liver P450s are possible, experiments were 
performed in which Ad293 cells (from M.Seidman of Otsuka 
Pharmaceutical Co.) were transfected with a rat CYP2B1 cDNA 
expression vector (pMT2-2Bl). Ad293 cells, which are 
adenovirus-transformed human embryonic kidney cells (19), have 
been shown to give good expression of CYP1A2 cDNA from 
a pMT2-lA2 expression vector (20) and to have little or no 
endogenous activating activity for a variety of promutagens 
(20,21). Transfected cells were incubated in the presence of 
[5- 3 H]NNK and the metabolites present in the culture medium 
were subsequently analysed. Ad293 cells were maintained in 
DMEM containing 10% foetal bovine serum. Cells were 
transfected (22) with pMT2-2Bl, containing a cDNA coding for 
rat hepatic CYP2B! or with pMT2-2B2(i) which is a control 
vector containing a CYP2B2 cDNA insert inverted relative to 
the vector promoter so as to produce an anti-sense CYP2B2 
mRNA. Transfected cells were plated in duplicate in 10 x 35 
mm plastic dishes (Nunc) with 3 x 10 s cells/dish, incubated for 
6 h in the presence of calcium phosphate-DNA precipitate- 
containing medium, and then kept 42 h in precipitate-free medium 
prior to being incubated in medium containing 4.2 /iCi/rnl 
[5- 5 H)NNK, at a final concentration of 2.3 #tM. The 
[5- 3 HJNNK was purified by HPLC and was >99% pure. A 
third duplicate set of dishes, without cells, was incubated with 
the same volume of [5- 3 H]NNK-containing medium, as a con¬ 
trol for the background level of metabolites produced by auto¬ 
oxidation. After a 50 h incubation, the media were collected and 
centrifuged and the supernatants were frozen on dry ice and kept 
at — 80°C until analyzed. Metabolites were fractionated by HPLC 
on a 5 Spherisorb ODS 2 column: their position in the fractions 
was determined from pure standards (15,23) coeluted with the 
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Fig. L Metabolic transformations of NNK and NNAL. Structures in brackets are 


samples and 1 ml fractions were counted in 5 ml of Scintiverse 

11 (Fisher Scientific, Nepean, Ontario). The presence of CYP2B1 
in pMT2-2Bl-transfected cells and its absence from control cells 
was verified in a separate experiment carried out in the absence 
of NNK by Western blot analysis; homogenates of 
pMT2-2Bl-transfected cells contained some 25-fold less 
immunoreactive CYP2B1 than did microsomes of phenobarbital- 
treated rats (Figure 2). Activity of the CYP2B1 in the NNK- 
treated transfected cells was verified by a benzyioxyresorufin 
dealkylase (BZORD) assay (24). BZORD assays were performed 
using microsomes (25) from a sample of the same transfected 
cells later used for incubation with NNK, plated independently 
and harvested 48 h after transfection. BZORD activity was 16 
pmol/min/mg with microsomes from pMT2-2Bl transfected cells 
and undetectable (S 1 pmol/min/mg) with those from control 
cells. While 99.7% of the NNK was recovered after incubation 
without cells, only 11 - 15 % of the initial amount was recovered 
from dishes that contained cells transfected either with pMT2-2B 1 
or the control vector. With cells transfected either with 
pMT2-2Bl or the control vector, NNAL was the predominant 
metabolite present (Figure 3A). 

The end products of a-carbon hydroxylation of NNK and 
NNAL are the ketoalcohol 12, the ketoacid 13, the hydroxyacid 
14, and the did 15 (Figure 1). There was a greater accumulation 
of metabolites from both a-carbon hydroxylation and pyridine 
A-oxidation with cells expressing CYP2B! cDNA than with the 
control cells (Figure 3B). The absence of detectable ketoalcohol 

12 is explained by its oxidation to the ketoacid 13. Total 
accumulation of a-carbon hydroxylation metabolites was higher 
than that of pyridine A'-oxidation metabolites. However, the ratio 
for the total amount of metabolites obtained with pMT2-2Bl 
transfected cells compared with the control cells is visibly greater 
for pyridine A-oxidation metabolites. If the contribution of total 
metabolites obtained by auto-oxidation of NNK incubated in 
medium without cells is subtracted, this ratio is 9.6 for pyridine 
/V-oxidation metabolites and only 1.85 for a-carbon hydroxylation 
metabolites. The results indicate that, at the NNK concentration 
used. CYP2B1 catalyzed preferentially pyridine A'-oxidation 
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fig. 2. Western blot analysis of proteins of transfected cells. Homogenates 
(26) (25 Jig protein) of A<£293 cells transfected with the control vector. 
pMT2-2Bl(i), (lane 1) or with the CYP2B1 expression vector, pMT2-2Bl 
(lane 2), or microsomes (27) (1 pg protein) of phenobarbiial-Uoated (28) 
male Sprague — Dawley rats (lane 3) were subjected to electrophoresis on a 
polyacrylamide-sodium dodecyl sulfate gel followed by Western blot 
analysis (29) using for detection a commercial enhanced chemiluminescence 
kit (Amersham). The upper band of the doublet in lane 3 represents 
CYP2B2 and the lower band represents CYP2B1 which co-migrates with the 
CYP2B1 synthesized in the transfected cells (lane 2). The protein encoded 
by the pMT2-2Bl expression vector (30) has the CYP2B1 sequence of 
Suwtt et al. (31) except that Glu at position 282 is replaced by Val (32,33). 
The pMT2 expression vector was obtained from Randal Kaufinan (Genetics 
Institute). 


rather than a-carbon hydroxylation. Moreover, NNAL-A-oxide 
contributed very little to the total amount of pyridine A'-oxidation 
metabolites (Figure 3B) despite the high level of NNAL generated 
(Figure 3A), thus indicating that CYP2B1 has a marked substrate 
preference for NNK over NNAL in catalyzing pyridine A'- 
oxidation reactions. Considering that NNAL is a potent 
carcinogen (14), these results suggest that in some systems NNAL 
could accumulate without being detoxified as effectively as NNK. 


These results obtained with living cells contrast with those of 
Guo ei al. (16) for the metabolism of NNK by purified CYP2B1 
in a reconstituted system; they observed similar levels of a-carbon 
hydroxylation and pyridine ,V-oxidation. We found that CYP2BI 
synthesized in Ad293 cells from an expressed cDNA indeed 
catalyzed both pyridine A-oxidation and cx-carbon hydroxylation 
of NNK. However, under the conditions described. CYP2B1 


preferentially catalyzed pyridine A-oxidation. which is considered 


to be a deactivation reaction. 
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1g. 3. Metabolism of NNK and NNAL by Ad293 cells transfected with pMT2-2Bl or with a control vector. Culture medium containing 4.2 nCi !ml (S-^HJNNK 
(sp. act.. 1.84 Ct/mmol), at a final concentration of 2.3 #<M, was incubated for 50 h in the presence of Ad293 cells transfected with pMT2-2Bl (black bars), 
or with a control vector (hatched bars) or in a dish without cells (white bars). The culture medium was fractionated by HPLC, and metabolites were identified 
by coelution with pure standards and quantitated by scintillation counting. The bar graphs display individual results of duplicate analyses, in (A) the 
concentration of NNAL in the dish without cells was 7.2 pmol/ml. The structures of the numbered compounds in (B) are provided in Figure 1. The columns 
labelled 1+2 and 12 + 13 + 14+15 represent the totals of pyridine W-oxidation metabolites and a-carbon hydroxylation metabolites respectively. 
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